Abstract: The objective of this study was to evaluate the marginal and internal fit of zirconia copings obtained with different digital scanning methods. A human mandibular first molar was set in a typodont with its adjacent and antagonist teeth and prepared for an all-ceramic crown. Digital impressions were made using an intraoral scanner (3Shape). Polyvinyl siloxane impressions and Type IV gypsum models were also obtained and scanned with a benchtop laboratory scanner (3Shape D700). Ten zirconia copings were fabricated for each group using CAD-CAM technology. The marginal and internal fit of the zirconia copings was assessed by the silicone replica technique. Four sections of each replica were obtained, and each section was evaluated at four points: marginal gap (MG), axial wall (AW), axio-occlusal edge (AO) and centro-occlusal wall (CO), using an image analyzing software. The data were submitted to one-way ANOVA and Tukey's test (α = 0.05). They showed statistically significant differences for MG, AO and CO. Regarding MG, intraoral scanning showed lower gap values, whereas gypsum model scanning showed higher gap values. Regarding AO and CO, intraoral digital scanning showed lower gap values. Polyvinyl siloxane impression scanning and gypsum model scanning showed higher gap values and were statistically similar. It can be concluded that intraoral digital scanning provided a lower mean gap value, in comparison with conventional impressions and gypsum casts scanned with a standard benchtop laboratory scanner.
Introduction
Clinical studies have estimated that from 2% to 6% of restorations with yttrium-stabilized zirconia copings fail after 3 to 5 years due to secondary caries, loss of retention, and ceramic veneer chipping 1, 2 . The two first-mentioned causes may occur because of dissolution of the luting cement, which is a consequence of deficiencies in marginal adaptation of the prosthetic restoration 3 . The processing of zirconia for the fabrication of single and multiple fixed partial restorations was made possible only after advanced improvements in CAD-CAM technology, which is based on a series of processing steps, such as scanning, software designing of the restoration, milling and sintering.
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All these steps may interfere individually or jointly with the precision of fit of indirect restorations 4, 5 . The most critical step in the fabrication of zirconia fixed prostheses is obtaining an accurate impression of the preparation, which can be done using conventional or digital methods. Conventional impression has several known disadvantages, such as patient discomfort, distortion of the impression and die materials, imprecision in detail reproduction, and bacterial contamination, which requires disinfection of the impressions before casting the working models 5, 6, 7, 8, 9 . In contrast, digital impression techniques have eliminated such conventional impression drawbacks. However, it should be made clear that digital scanning methods include the use of intraoral digital scanners or benchtop laboratory scanners for polyvinyl siloxane impressions and gypsum models. When laboratory scanners are used, conventional impression is still needed; in comparison, intraoral scanners are more widely used in clinical dental practice, where their application definitively simplifies the workflow and avoids inaccuracies related to conventional impression techniques and model casting 10, 11 . Nevertheless, not all the aspects related to intraoral digital scanning may be considered favorable, since the equipment requires a relatively high initial investment, and prospective users must learn how to use it and adapt this system to the dental office routine 10 . Moreover, intraoral digital scanners have limitations in some clinical situations. For example, the scanning procedure is complicated when finish lines are located subgingivally, and is worsened by the presence of blood or saliva, and also when used in the molar region, because of the limited space in the oral cavity, making access of the scanning wand difficult
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. Moreover, some intraoral scanners require the application of a powder to eliminate the superficial brightness, and may present some dimensional error due to camera misalignment and low accuracy of the optical equipment 12, 13 . Recent studies have indicated that the marginal and internal fit is similar for indirect restorations obtained using both conventional and intraoral digital impression methods 14, 15, 16 . However, little evidence is available with regard to the accuracy of fit provided by intraoral digital impression scanners, in comparison with laboratory scanners, when used to acquire images either for polyvinyl siloxane impressions or gypsum models. Thus, the aim of this study was to evaluate the marginal and internal fit of zirconia copings obtained using an intraoral scanning system and benchtop laboratory scanning system, in which both the polyvinyl siloxane impression and the gypsum model were scanned. The hypothesis tested was that there was no difference in the marginal and internal fit of zirconia copings, irrespective of the scanning method used.
Methodology
A human mandibular first molar was set in a typodont and prepared for an all-ceramic crown with a medium-grit diamond bur (4138, KG Sorensen, Cotia, Brazil). The prepared tooth had the following features: supragingival circumferential chamfer finish line, 2.0 mm occlusal reduction, 1.5 mm axial reduction, axial convergence angle of 6 o and rounded angles. A silicone putty matrix of the tooth was obtained and used to help control the occlusal and axial reductions. The angulation was controlled by keeping the head of the diamond bur parallel to the long axis of the preparation.
Three different digital scanning methods were performed (n = 10): a. intraoral digital scanning (direct digitalization); b. scanning of polyvinyl siloxane impressions (indirect digitalization); c. scanning of the gypsum cast/models with a laboratory digital scanner (indirect digitalization).
The procedure to assess the intraoral digital scanning group involved digitally scanning the maxillary and mandibular arches with an intraoral scanner (Trios 3Shape, Copenhagen, Demark), after which another scan was performed to register the occlusion.
The second group was assessed by obtaining single-step full-arch polyvinyl siloxane impressions (HydroXtreme, Coltene Whaledent, Altstätten, Switzerland). The heavy-body material was loaded into a stock tray and the light-body silicone was placed over the prepared tooth. The loaded tray was seated firmly on the mandibular arch and allowed to set for 5 minutes. A maxillary impression was also made for each mandibular arch impression with heavy-body polyvinyl siloxane. Each pair of polyvinyl siloxane impressions was sprayed with surface disinfectant, and rinsed. The impressions were then digitally scanned with a benchtop laboratory scanner (3Shape D700, Copenhagen, Denmark). A non-aqueous developer (SKD-S2, Spotcheck, Embu das Artes, Brazil) was applied to the impression surfaces to reduce brightness and improve reproduction.
For the third group, single-step full-arch polyvinyl siloxane impressions (HydroXtreme, Coltene Whaledent, Altstätten, Switzerland) were obtained and disinfected as described above. After a waiting period of 30 minutes, each impression was cast in Type IV dental stone (Durone IV, Dentsply, York, USA) by manual manipulation, following the manufacturer's instructions. The resulting models were then scanned with the same benchtop laboratory scanner.
All the digital scans were used to design zirconia copings (Dental Designer Premium 2013 software, 3Shape, Copenhagen, Denmark) by the same experienced dental technician. One zirconia coping (Metoxit, Thayngen, Switzerland) was fabricated per scan. All copings were produced in a milling center (Neodent, Curitiba, Brazil), using a five-axis grinding machine (Ultrasonic 20 linear, DMG Mori Aktiengesellschaft, Bielefeld, Germany), which considered a marginal gap of 10 μm, and an internal gap of 50 μm for the axial and occlusal walls, and 70 μm for the axio-occlusal angle. After milling, the zirconia copings were sintered according to the manufacturer's recommendations.
The marginal and internal fit of the copings was assessed by the silicone replica technique 11, 17, 18, 19 , using a light-body and a regular-body polyvinyl siloxane (HydroXtreme, Coltene Whaledent, Altstätten, Switzerland). The replica was sectioned into four pieces using a sharp scalpel blade. Two cuts were made in each silicone replica, one buccolingually and another mesiodistally.
The four cross sections of each replica were placed on a bench scanner (C3180 HP Photosmart, HP, Palo Alto, USA) for digitization. The high-resolution images (1,200 dpi) were saved as jpg files and a single operator determined the thickness of the light-body polyvinyl siloxane using an image analyzing software (ImageJ, U. S. National Institutes of Health, Bethesda, USA).
The thickness of each fragment of the replica was measured at four points, as described below and shown in Figure 1 : a. marginal gap (MG): perpendicular distance from the internal surface at the margin of the coping to the prepared tooth; b. axial wall (AW): discrepancy between the prepared tooth and internal surface of the coping at the mid-axial wall; c. axial-occlusal angle (AO): discrepancy between the prepared tooth and internal surface of the coping in the region of the axial-occlusal edge, at the point of intersection of two straight lines: one parallel to the occlusal plane and the other parallel to the axial wall; d. centro-occlusal area (CO): discrepancy between the prepared tooth and internal surface of the coping in the center of the occlusal region. Therefore, 16 measurements were obtained for each replica, i.e. four measurements for each point. The mean for each point was calculated and considered for statistical analysis. The normality of the data was checked using the Shapiro-Wilk test and the homoscedasticity was tested using Levene's test for homogeneity of variances. The data were submitted to one-way ANOVA for each point of measurement and Tukey's test, both with a significance level of 0.05.
Results
The results for the normality and the homogeneity of variance tests, for each point of measurement, were, respectively: MG (p = 0.061 and 0.155), AW (p = 0.462 and 0.489), AO (p = 0.314 and 0.220) and CO (p = 0.048 and 0.074).
The means and standard deviations for all the groups and measurement points are shown in Table 1 
Discussion
Previous studies have demonstrated that using intraoral digital impression for the fabrication of ceramic fixed prostheses has resulted in significantly smaller marginal gaps than using conventional impression methods 14, 19 . The results of the present study corroborate this finding, considering that the intraoral digital scanning group largely presented the lowest mean misfit value, compared with the groups in which laboratory digital scanning methods were used. This may be explained by the fact that there was no need for impression or casting materials to perform intraoral scanning. These materials, irrespective of their type and quality, undergo some degree of dimensional change 20, 21 . When intraoral digital scanning is used for fabrication of structures of single (copings or crowns) and multiple fixed partial restorations, the impression and cast steps may be eliminated, thus contributing to obtaining a more precise dental prosthesis 19 .
In the present study, the replica technique was used to evaluate the marginal and internal adaptation of zirconia copings. This technique is well described in the literature and is established as a non-invasive and reliable method to determine the marginal and internal gap of indirect restorations, since it is easy and not time-consuming to perform, and relatively inexpensive 17, 19, 22, 23 . The precision of fit of indirect restorations is related to a minimal marginal gap between the prepared tooth and the prosthesis. In order to ensure clinical longevity, a marginal gap of no more than 120 µm is considered clinically acceptable 24 . The importance of marginal fit lies in the fact that the major causes of indirect restoration failure are secondary caries and loss of retention, factors closely related to the dissolution of the luting cement and deficiencies in marginal adaptation. As important as marginal fit, a minimum and uniform internal gap is also a desirable aspect of indirect restorations, since large Table 1 . Means and standard deviations for the misfit values of the three scanning methods and four points of measurement. and inhomogeneous internal gaps may adversely affect the retention or the resistance of the restoration 25 . Accordingly, it was important to compare the mean gap values among the points of measurement, according to the scanning method used. Although there was no difference among the three scanning methods for AW, digital intraoral scanning of MG, AO and CO resulted in statistically lower gap values than the laboratory scanning methods. These results are further corroborated by the fact that the intraoral digital scanning provides better adaptation for copings than impression or cast scanning.
In the present study, the gap for MG and AW means ranged from 36.2 to 87.0 µm, both values being within the limit of marginal misfit considered clinically acceptable. Nevertheless, when analyzing the misfit values obtained for AO and CO, it can be observed that the values ranged from 112.6 to 373.8 µm, irrespective of the digital scanning method evaluated. Some of these values may be above the clinically acceptable value, but they were similar to those obtained in other laboratory and clinical studies 25, 26, 27 . The increasing discrepancies at AO and CO can be attributed to the geometry of the milling burs, since the diameter of the bur defines the smallest grindable radius of the internal surface of the coping
.
Another possible reason is a phenomenon called "overshooters," which produce virtual peaks near the edges of three-dimensional structures when captured on digital scanning, and which may cause distortion of the prepared tooth design in angle regions 28 . The present study used three different scanning protocols: one intraoral direct scanning, and two indirect scannings for impressions and models. In so doing, the data were captured from surfaces with different optical characteristics, including translucency, reflection, and smoothness. The intraoral and laboratory scanners may not have captured the data with the same degree of accuracy. In some circumstances, accurate capture of the image calls for the surface to be coated with an opaque spray or dye. In the present study, the impressions were coated with a non-aqueous developer to reduce brightness and improve the readings 25 . In another in vivo study, the precision of intra-and extraoral (direct and indirect) digital scanners was evaluated 29 . The authors concluded that the intraoral scanner was less precise, because of the conditions of the oral cavity, such as the presence of saliva and limited access by the scanner. This result should be taken into consideration when analyzing our results, because this was a laboratory study that was not subject to the influence of such factors.
Therefore, when analyzing the results of the present study, the tested hypothesis was accepted irrespective of the point of measurement, because intraoral scanning provided lower overall mean misfit values, in comparison with the indirect scanning methods.
Since the literature points out that a marginal gap of no more than 120 μm is considered clinically acceptable to ensure the clinical longevity of a restoration, this value was considered a reference for the present study. Metal copings made by the lost wax technique were not included as controls, because this study aimed to compare the marginal and internal fit of zirconia copings obtained using different digital scanning methods. This considered, the inclusion of metal copings fabricated with the lost wax technique to be used as controls would add more variables than needed to achieve the study objectives (two different materials -zirconia versus metal -and coping fabrication methods -milling versus lost wax technique). Therefore, scanning of the gypsum cast/models may be considered as the control group, since it is the most common method for fabrication of zirconia copings.
Moreover, it should be considered that the majority of dentists feel comfortable using conventional impression-taking materials and techniques for the fabrication of single crowns and fixed dental prostheses. With this in mind, it is important to point out that it may be difficult to change from a successful technique of moderate cost to a less widely known technique of high cost. Therefore, considering the cost-benefit of intraoral digital scanning, one must ponder whether the advantages of the intraoral digital scanning technique outweigh the familiarity and clinical success obtained with conventional impression procedures 10 .
Conclusion
Based on the results of the present research, it was concluded that intraoral digital scanning provided a lower mean gap value for three of the four measurement points, in comparison with conventional impressions and gypsum casts scanned with a standard benchtop laboratory scanner.
